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PUNCH FOR PIERCING AND SEALING 
HYDROFORMED PARTS 

TECHNICAL FIELD 

This invention relates to the punches used to pierce holes 
in hydroformed parts and more particularly to the sealing of 
the punches With respect to the hydroformed parts. 

BACKGROUND OF THE INVENTION 

As is Well known in the art of hydroforming parts from a 
tubular metal part, the hydroforming pressure used to form 
the part can also be utiliZed to assist a punch in piercing the 
part to produce a required hole therein during the hydro 
forming process. Thus eliminating the need for a secondary 
operation such as laser cutting to form the hole in an 
internally unsupported region of the part. For example, 
hydroforming apparatus including such a punch is disclosed 
in US. Pat. No. 5,398,533 assigned to the assignee of this 
invention. 

Another example of piercing a hydroformed part is shoWn 
and labeled as “Prior Art” in FIG. 1 of the accompanying 
draWings and is included to help illustrate a problem in the 
piercing phase of the hydroforming process that can result 
from using current state of the art punches. Referring to FIG. 
1, the piercing operation is performed folloWing completion 
of the hydroforming of a holloW metal part 10 in a die cavity 
12 formed by dies 14 and 16 and While the formed part 
remains in intimate contact With the surface of the die cavity 
and While the hydroforming liquid ?uid 18 in the part 
remains at the high pressure required for forming the part. In 
the piercing operation, a punch 20 of conventional cylindri 
cal con?guration Whose piercing end is initially held in a 
position so as to form a continuation of the die cavity surface 
is then forced to pierce the formed part as shoWn to produce 
a hole required in the part. In this example, the required hole 
has a round or circular shape and the punch accordingly has 
a right-circular cylindrical surface. 
When the punch 20 is forcibly extended for piercing, the 

forming pressure in the part supports the formed part about 
the periphery of the punch alloWing the piercing or shearing 
action of the punch to occur. And the punch shears a slug 22 
in forming the required hole in the part Wherein the slug falls 
as a loose piece and lays inside the formed part for later 
removal. 

HoWever, When the punch pierces and enters the formed 
part, it has been found that considerable leakage can occur 
past the punch causing the forming pressure in the part to fall 
to the point Where it fails to adequately support the part 
internally for the piercing action by the punch. When this 
occurs, the part can collapse inWardly in the region being 
pierced resulting in a undesired misshaped part at the end of 
its processing in the hydroforming die cavity. This is shoWn 
With phantom lines in FIG. 1. Moreover, in the case Where 
several holes are to be pierced in the formed part in similar 
manner With other like conventional punches, the potential 
leakage problem increases proportionally and there is even 
more likelihood of ending up With misshaped parts. 

Punches of various siZes and shapes are used to produce 
the holes required in hydroformed parts. With one of the 
main reasons for the holes being to provide access for 
tooling such as Welding tips and Wherein it may be necessary 
for the Welding tips or other tooling to enter at an angle. 
Attempts have been made at solving the leakage problem 
With a punch con?guration that extrudes a substantial por 
tion of the formed part inWardly along the side of the punch 
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2 
to thereby provide improved sealing. Wherein such metal 
extrusion can be considerably longer and thus deeper than 
the extent of the extruded portion 24 shoWn in FIG. 1 that 
typically occurs Without such a leakage solving punch 
modi?cation. And the extent to Which such extrusion is 
required to effect the necessary sealing can require a long 
deep extrusion into the formed part that is not acceptable 
such as in the case Where it Would create an obstruction to 
the required entry of tooling. 

SUMMARY OF THE INVENTION 

The present invention solves the above leakage problem 
in a very simple manner With a neW and improved cost 
effective punch con?guration. Wherein during the hole 
forming operation, the punch con?guration rolls over an 
annular edge portion of the formed part that de?nes the hole 
With the resulting rolled edge portion forcing a tight high 
pressure seal betWeen the part and the punch. And depending 
on the particular hole requirements and the sealing pressure 
capacity required to prevent leakage, the rolled edge portion 
of the formed part is formed by the punch con?guration so 
as to extend only partially or completely about the punch in 
order to effectively prevent high pressure leakage and 
thereby avoid collapse of the part during the hole forming 
operation. 

In accordance With the present invention and for the 
piercing, for example, of a required round hole, the punch is 
provided With three distinctly different portions comprising 
(1) a piercing end portion at its piercing end having either a 
partial or completely circular cylindrical surface With a 
radius less than that of the hole required; (2) a hole-?nishing 
portion having a completely circular cylindrical surface that 
is concentric With the piercing end portion and has a radius 
siZed to produce the siZe of the hole required; and (3) a 
roll-forming portion joining the piercing end portion With 
the hole-?nishing portion. The roll-forming portion has 
either (1) an acutely angled surface or (2) a rounded or 
convex surfaces and depending on the sealing that is 
required in a particular application of the punch according to 
the present invention, these surfaces extend either partially 
or completely about the periphery of the punch betWeen the 
piercing end portion of the punch and the hole-?nishing 
portion of the punch. 

Immediately folloWing piercing of the formed part by the 
piercing end portion and as the punch continues to be 
advanced into the part, the end portion then pilots the 
pierced region of the part onto the roll-forming surface 
Which then forces the Wall of the part about the perimeter of 
the punch to extrude and gradually roll-form a rolled edge 
portion in the part extending either partially or completely 
about the punch prior to the hole-?nishing portion of the 
punch entering the part to complete the formation of the 
required hole. 
The rolled edge portion in the part, Whether extending 

partially or completely about the punch as described above, 
forces an extremely tight ?t betWeen the periphery of the 
punch and the formed part as the punch extends into the part. 
Resulting in a metal-to-metal seal betWeen the formed part 
and punch of very high pressure sealing capacity that is 
immediately formed folloWing the piercing operation and 
continues during completion of the hole forming process 
such that the high hydroforming pressure is maintained 
throughout the hole forming operation to prevent collapse of 
the part. This is quite advantageous in that numerous holes 
and of possibly various siZes and shapes can be pierced in a 
formed part With punches according to the present invention 
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Without causing any collapse or misshaping the part since 
the hydroforming pressure is maintained regardless of 
Whether only one hole is pierced or many holes are pierced 
in the part. 

Moreover, the amount of extrusion of metal into the 
interior of the part in the piercing of the hole can be made 
relatively small as compared With the extent of the seal 
effecting extrusions produced With prior knoWn punches in 
an attempt to provide the required high pressure sealing. As 
a result, there is less likelihood for obstruction to the entry 
of a tool at an angle. With this advantage being most 
pronounced Where the rolled edge portion needs to extend 
only partially about the punch in order to obtain the required 
high pressure sealing capacity. Thereby leaving an unrolled 
sideWall portion of the hole that presents no substantial 
obstruction. 

Furthermore, the present invention can be quite useful in 
the ongoing development of certain metal Working functions 
that can be employed in the hydroforming process. For 
example, in the hydrotrimming and hydroshearing of parts 
in the hydroforming process such as With the method and 
apparatus disclosed in US. Pat. No. 5,941,112 assigned to 
the assignee of this invention. Wherein the present invention 
in solving the leakage problem enables the maintenance of 
the very high hydroforming pressures required for the con 
tinuing development of such hydrotrimming and hydros 
hearing in the hydroforming process. 

It Will therefore be appreciated that the punch according 
to the present invention provides for piercing a hole in a 
hydroformed part during the hydroforming process While 
also performing a roll forming operation on the part that acts 
to prevent leakage past the punch that might otherWise occur 
and result in collapse of the part during the piercing opera 
tion. Wherein the roll forming action on the Wall of the part 
may extend either partially or completely about the punch as 
the punch enters the part to thereby provide a very tight, high 
pressure seal as required betWeen the part and the punch 
during the hole forming operation. And Wherein the punch 
has an acutely angled surface or a rounded or convex surface 
for effecting this roll forming action on the Wall of the part 
in producing the very tight, high pressure seal betWeen the 
part and the punch during the hole forming operation. 

These and other aspects of the present invention Will 
become more apparent from the folloWing description and 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial vieW partially in section of hydroform 
ing apparatus employing a conventional PRIOR ART punch, 

FIG. 2 is a partial vieW partially in section of hydroform 
ing apparatus employing an exemplary embodiment of the 
punch according to the present invention, 

FIG. 3 is a vieW taken along the line 3—3 in FIG. 2 When 
looking in the direction of the arroWs, 

FIG. 4 is a full side vieW of the punch in FIG. 2, 
FIG. 5 is a vieW taken along the line 5—5 in FIG. 4 When 

looking in the direction of the arroWs, 
FIG. 6 is a three-dimension vieW of the Working end of the 

punch in FIG. 2, 
FIG. 7 is a vieW similar to FIG. 2 but shoWing another 

embodiment of the punch according to the present invention, 
FIG. 8 is a vieW taken along the line 8—8 in FIG. 7 When 

looking in the direction of the arroWs, 
FIG. 9 is a three-dimensional vieW of the Working end of 

the punch in FIG. 7, 
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4 
FIG. 10 is a partial side vieW of another embodiment of 

the punch according to the present invention, 
FIG. 11 is a vieW taken along the lines 11—11 in FIG. 10 

When looking in the direction of the arroWs, and 
FIG. 12 is a three-dimensional vieW of the Working end of 

the punch in FIG. 10. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Referring to FIG. 2, there is shoWn a portion of conven 
tional hydroforming apparatus relevant to the present inven 
tion comprising a loWer die 30 and an upper die 32. Wherein 
these dies co-operatively form a die cavity 34 in Which a 
tubular part is hydroformed to the die cavity surface. And 
Wherein hydroforming of the tubular metal part is accom 
plished in a conventional Well-knoWn hydroforming manner 
by the delivery of a suitable hydraulic ?uid 36 at a desired 
pressure to the interior of the tubular part resulting in a 
formed part 38 as shoWn. 

For the piercing of a hole required in the formed part, 
there is provided a punch 40 in accordance With the present 
invention that is made of suitable tool steel and is mounted 
for sliding movement in a bore 42 in the upper die 32 that 
extends to this die’s cavity forming surface. With the punch 
40 adapted at its outer end for connection With a suitable 
punch-operating device such as a hydraulic cylinder by 
means of a tongue 44 and a centrally located threaded hole 
46 in the tongue. See FIGS. 4 and 5. And it Will be 
understood that the punch operating device is operated in a 
conventional manner for the hole forming operation during 
the hydroforming process and possibly through a cam 
mechanism as disclosed in the aforementioned US. Pat. No. 

5,398,533. 
Referring to FIGS. 2, 3, 4 and 6, the punch 40 is formed 

about a centerline 47 With three distinctive and concentric 
hole forming portions comprising (1) a piercing end portion 
48 at the piercing end of the punch that also provides a 
piloting action, (2) a hole-?nishing portion 50 that ?nishes 
the formation of the hole, and (3) a roll-forming portion 52 
joining the end portion 48 With the ?nishing portion 50. 

The hole required in the formed part is in a ?at Wall 
portion of the part and has a circular or round shape. And for 
forming such, the piercing end portion 48 of the punch has 
a cylindrical surface extending about the punch comprising 
a right-circular cylindrical portion With a radius R1 slightly 
less than that of the required hole and a non-circular convex 
cylindrical portion With a varying radius R2 less than the 
radius R1. In addition, the piercing end portion 48 has a ?at 
end face 54 perpendicular to the centerline 47, a sharp 
cutting edge 55 extending completely about the end face 54, 
and an axial or length-Wise dimension at least slightly 
greater than the Wall thickness of the formed part. 
The hole-?nishing portion 50 of the punch has a right 

circular cylindrical surface that extends completely about 
the punch and has a radius R3 siZed so as to produce the siZe 
of the hole required. The hole-?nishing portion 50 is also 
that part of the punch that is received in the bore 42 in the 
upper die and this bore is siZed accordingly to precisely 
guide the punch for the hole forming operation. 
The roll-forming portion 52 joining the piercing end 

portion 48 With the hole-?nishing portion 50 is formed by an 
angled or tapered surface that angles radially outWard at a 
small acute angle (e.g. ?fteen degrees) from the axially 
inWard terminus of the end portion 48 to the hole-?nishing 
portion 50. In this embodiment of the punch, the angled 
roll-forming surface 52 extends only partially about the 
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periphery of the punch and gradually varies in extent from 
a maximum axial dimension to a Zero dimension in opposite 
annular directions from the maximum dimension in blending 
With the hole-?nishing portion 50. See FIGS. 2, 3, 4 and 6. 

In the piercing of a hole in the formed part, the punch 40 
is initially held in a conventional manner against the part 
during the hydroforming of the part in the die cavity. 
FolloWing the hydroforming of the part and While the 
hydroforming pressure is maintained in the part, the punch 
is then advanced to forcibly press the end face 54 of the 
punch against the outer side of a Wall region of the part While 
the hydroforming pressure supports the inner side of this 
Wall region. With continuing forced advancement of the 
punch, the cutting edge 55 then shears a slug 56 from the 
Wall that drops into the formed part and Wherein the siZe and 
shape of the slug corresponds to that of the punch end face 
54. Then as the punch continues to be advanced under force 
into the Wall opening thus created, the end portion 48 then 
pilots a Wall portion of the opening in the part onto the 
angled roll-forming surface 52 Which immediately starts 
forcing the corresponding portion of the Wall of the part that 
it engages to extrude inWard of the part While producing 
tension in the outer side of this Wall portion because of the 
friction there betWeen. Simultaneous thereWith, a portion of 
the hole-?nishing portion 50 diagonally opposite the surface 
52 also enters the pierced opening and effects an extruding 
operation on the corresponding portion of the Wall of the part 
that it engages. With the extent of such extrusion by the 
hole-?nishing portion 50 being determined by the difference 
in the radiuses R1 and R3 and being made suf?cient to effect 
sealing betWeen the punch and the part in conjunction With 
the roll forming operation of the punch as Will noW be 
described. 
As the roll-forming portion 52 progresses into the pierced 

opening in the part, its angled surface causes the Wall portion 
that it frictionally engages to bend in a roll-forming manner 
thereby forming a rolled or curled edge portion 58 in the 
formed part until the adjoining hole-forming portion 50 
?nally reaches the opening and thereafter operates on the 
rolled-edge portion 58 to smoothly complete the formation 
of the opening in the part to the required hole siZe. And 
Wherein there remains a slightly extruded but unrolled edge 
portion 60 that together With the rolled edge portion 58 
de?nes the ?nished hole as shoWn in FIGS. 2 and 3. 

The rolled edge portion 58, though extending only par 
tially about the punch, forces a very tight, high-pressure, 
metal-to-metal seal all about and betWeen the pierced region 
of the part and the punch immediately at the end of the 
piercing operation and as the punch continues to enter the 
part and complete the formation of the rolled edge portion 58 
With the angled roll-forming surface 52 and ?nally the 
required hole With the hole-?nishing portion 50. Such that 
no signi?cant leakage occurs and as a result the hydroform 
ing pressure is maintained in the part to prevent collapse of 
the part during the hole forming operation to the completion 
of the hydroforming process. 

In practicing the invention, the peripheral extent of the 
angled roll-forming surface 52 and amount of extrusion by 
the hole-?nishing portion 50 is varied to meet the sealing 
requirements of a particular hole forming operation. And 
this is particularly advantageous in that the amount of metal 
Working required in the rolling and extruding operations by 
the punch can be minimiZed by varying the peripheral extent 
of the angled roll-forming surface 52 and the difference 
betWeen radiuses R1 and R3 so that there is just enough 
peripheral extent of the rolled edge portion 58 and just 
enough extrusion that takes place in order to satisfactorily 
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6 
meet the sealing requirement in a particular hole forming 
operation. Moreover, since the rolled edge portion 58 
extends only partially about the ?nished hole, there is 
substantially no obstruction to the angled entry of a tool 
presented by the sideWall portion 60 of the hole that has not 
been rolled. 

With such sealing thus very effectively accomplished by 
the punch 40 Wherein no signi?cant leakage is alloWed to 
occur, it Will be appreciated that this alloWs numerous holes 
and of possibly various siZes and shapes to be pierced in like 
manner in the same part all during the hydroforming pro 
cess. Without causing any misshaping of the part since the 
hydroforming pressure is maintained regardless of Whether 
only one hole is pierced or several holes are pierced in the 
part. 

In hole forming operations Where the sealing require 
ments are signi?cantly higher than those that can be met by 
the varying the partial peripheral extent of the angled 
roll-forming surface 52 of the punch 40, another exemplary 
embodiment of the punch according to the present invention 
can be employed as shoWn in FIGS. 7—9. And Wherein it Will 
be understood that the same numbers and the letter “R” used 
in FIGS. 2—6 are used in FIGS. 7—9 to identify correspond 
ing parts and features but With the suffix “A” added. 

Referring noW to FIGS. 7—9 and to meet higher sealing 
requirements such as can result from the need to use 
signi?cantly higher forming pressures to either form the part 
38A and/or support the part for piercing, the piercing end 
portion 48A of the punch 40A is noW provided With respect 
to its centerline 47A With a completely circular cylindrical 
surface having a radius R1A that is considerably smaller 
than the radius R3A of the hole-?nishing portion 50A. And 
the angled roll-forming surface 52A is noW extended com 
pletely about the periphery of the punch and thus forms a 
conically pro?led section betWeen the piercing end portion 
48A and the hole-?nishing portion 50A. 
As a result of these modi?cations and folloWing piercing 

by the end portion 48A, the angled roll-forming surface 52A 
forces all of the immediately surrounding Wall of the part 
38A to extrude and bend or roll prior to the ?nishing portion 
50A of the punch entering the opening in the part. This 
rolling operation by the roll-forming surface 52A produces 
a rolled edge portion 58A in the part that extends completely 
about the punch and serves to effect an extremely tight 
metal-to-metal seal betWeen the punch 40A and the formed 
part 38A that is capable of sealing very high hydroforming 
pressures. 

It has also been found that the roll-forming action of the 
punch can be very smoothly and ef?ciently accomplished by 
providing the roll-forming surface of the punch With a 
convex or rounded surface as shoWn in the exemplary 
embodiment of the punch in FIGS. 10—12 Wherein the same 
numbers and the letter “R” used in FIGS. 2—9 are used to 
identify the punch and corresponding features in FIGS. 
10—12 but With the suf?x “B” added. 

Referring noW to FIGS. 10—12, the roll-forming portion of 
the punch 40B, instead of being formed With an acutely 
angled surface, is formed about the centerline 47B of punch 
40B With a rounded or convex surface 52B betWeen the 
piercing end portion 48B and the hole-?nishing portion 50B. 
And the portions 48B and 50B have right-circular cylindri 
cal surfaces With respective radiuses R1B and R3B like the 
portions 48A and 50A of the punch 40A embodiment in 
FIGS. 7—9. And also like the angled surface 52A on the 
punch 40A embodiment in FIGS. 7—9, the rounded surface 
52B extends completely about the periphery of the punch. 
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However, it Will also be understood that the roll forming 
portion 52B may as an option extend only partially about the 
periphery of the punch to a variable degree like the angled 
surface 52 on the punch 40 embodiment in FIGS. 2—6 and 
With the piercing end portion 48B also con?gured accord 
ingly like the partially circular, partially convex surface of 
the piercing end portion 48 of the punch embodiment in 
FIGS. 2—6. 

The convex shaped roll forming portion 52B is generated 
by a varying radius R4 or a blend of radiuses and the punch 
40B, Whether With a partially or fully encircling roll-forming 
surface and a correspondingly suitably shaped piercing end 
portion as described above, produces a roll-forming action 
like the respective punch 40 and punch 40B embodiments as 
previously described. But in a more smoother manner to 
form a rolled edge portion about the pierced opening in the 
part like those previously described and Wherein the rolled 
edge portion either partially or fully encircles the punch as 
shoWn in FIGS. 2 and 3 and FIGS. 7 and 8, respectively, and 
is effective to prevent leakage during the hole forming 
operation in the hydroforming process. Moreover, it has 
been found that Where some galling of the part may possibly 
occur With an angled roll-forming surface, the rounded 
roll-forming surface Whether it extends either partially or 
completely about the punch has been found to not produce 
galling in a Wide variety of hole forming operations because 
of its smoother roll-forming action. 

Having described the above exemplary punches made in 
accordance With the invention for the purpose of piercing 
circular or round holes Without any accompanying signi? 
cant leakage, it Will be understood that the present invention 
can also be applied to designing punches for producing holes 
of various shapes as Well as siZes and in convex and concave 
as Well as ?at Wall regions of the formed part and Without 
incurring leakage past the punch. For example and With 
respect to the shape of the required hole, the exemplary 
embodiments of the punches described above have right 
circular cylindrical portions With concentric surfaces for 
producing round holes. But these portions need not be 
cylindrical and may have other peripheral shapes or pro?les 
to produce an other than circular hole and With the roll 
forming surface con?gured accordingly to form a rolled 
edge portion of suf?cient extent in the part to prevent 
leakage in order to produce the required hole Without 
collapsing the part. 

It Will thus be understood by those skilled in this art that 
the punch according to the present invention may take 
various forms based on the above detailed disclosure and 
teachings. And therefore it is intended that the invention be 
limited only by the scope of the appended claims. 
What is claimed is: 
1. A punch for forming a hole in a hydroformed part in a 

hydroforming process Wherein a hydroforming pressure 
used to form the part is maintained in the part for the 
formation of a hole in the part With said punch, said punch 
comprising a piercing end portion adapted to pierce an 
opening in the part, a roll-forming portion adapted to enter 
said opening folloWing said piercing end portion, a hole 
?nishing portion adapted to fully enter said opening folloW 
ing said roll-forming portion to complete the ?nishing of a 
hole required in the part, and said roll-forming portion 
extending only partially about said punch and having a 
roll-forming surface adapted on entering said opening to 
form a rolled edge portion in said part extending only 
partially about said punch Whereby said rolled edge portion 
forces sealing contact betWeen the part and said punch 
sufficient to maintain the hydroforming pressure in the part 
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and thereby prevent collapse of the part as said roll-forming 
portion enters said opening and then When said hole 
?nishing portion enters said opening to complete the for 
mation of the hole. 

2. A punch for forming a hole in a hydroformed part in a 
hydroforming process Wherein a hydroforming pressure 
used to form the part is maintained in the part for the 
formation of a hole in the part With said punch, said punch 
comprising a piercing end portion adapted to pierce an 
opening in the part, a roll-forming portion extending com 
pletely about said punch and adapted to enter said opening 
folloWing said piercing end portion, a hole-?nishing portion 
adapted to fully enter said opening folloWing said roll 
forming portion to complete the ?nishing of a hole required 
in the part, and said roll-forming portion having a convex 
roll-forming surface adapted on entering said opening to 
form a rolled edge portion in said part extending completely 
about said punch Whereby said rolled edge portion forces 
sealing contact betWeen the part and said punch sufficient to 
maintain the hydroforming pressure in the part and thereby 
prevent collapse of the part as said roll-forming portion 
enters said opening and then When said hole-?nishing por 
tion enters said opening to complete the formation of the 
hole. 

3. A punch for forming a hole in a hydroformed part in a 
hydroforming process Wherein a hydroforming pressure 
used to form the part is maintained in the part for the 
formation of a hole in the part With said punch, said punch 
comprising a piercing end portion adapted to pierce an 
opening in the part, a roll-forming portion adapted to enter 
said opening folloWing said piercing end portion, a hole 
?nishing portion adapted to fully enter said opening folloW 
ing said roll-forming portion to complete the ?nishing of a 
hole required in the part, and said roll-forming portion 
having an acutely angled roll-forming surface extending 
only partially about said punch and adapted on entering said 
opening to form a rolled edge portion in said part extending 
only partially about said punch and the hole being formed 
Whereby said rolled edge portion forces sealing contact 
betWeen the part and said punch suf?cient to maintain the 
hydroforming pressure in the part and thereby prevent 
collapse of the part as said roll-forming portion enters said 
opening and then When said hole-?nishing portion enters 
said opening to complete the formation of the hole. 

4. A punch for forming a hole in a hydroformed part in a 
hydroforming process Wherein a hydroforming pressure 
used to form the part is maintained in the part for the 
formation of a hole in the part With said punch, said punch 
comprising a piercing end portion adapted to pierce an 
opening in the part, a roll-forming portion adapted to enter 
said opening folloWing said piercing end portion, a hole 
?nishing portion adapted to fully enter said opening folloW 
ing said roll-forming portion to complete the ?nishing of a 
hole required in the part, and said roll-forming portion 
having a convex roll-forming surface extending only par 
tially about said punch and adapted on entering said opening 
to form a rolled edge portion in said part extending only 
partially about said punch and the hole being formed 
Whereby said rolled edge portion forces sealing contact 
betWeen said part and said punch sufficient to maintain the 
hydroforming pressure in the part and thereby prevent 
collapse of the part as said roll-forming portion enters said 
opening and then When said hole-?nishing portion enters 
said opening to complete the formation of the hole. 

5. A punch for forming a hole in a hydroformed part in a 
hydroforming process Wherein a hydroforming pressure 
used to form the part is maintained in the part for the 
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formation of a hole in the part With said punch, said punch 
comprising a piercing end portion adapted to pierce an 
opening in the part, a roll-forming portion adapted to enter 
said opening following said piercing end portion, a hole 
?nishing portion adapted to fully enter said opening folloW 
ing said roll-forming portion to complete the ?nishing of a 
hole required in the part, and said roll-forming portion 
having a convex roll-forming surface extending completely 
about said punch and adapted on entering said opening to 
form a rolled edge portion in said part extending completely 
about said punch and the hole being formed Whereby said 
rolled edge portion forces sealing contact betWeen the part 
and said punch suf?cient to maintain the hydroforming 
pressure in the part and thereby prevent collapse of the part 
as said roll-forming portion enters said opening and then 
When said hole-?nishing portion enters said opening to 
complete the formation of the hole. 

6. A punch for forming a circular hole in a hydroformed 
part in a hydroforming process Wherein a hydroforming 
pressure used to form the part is maintained in the part for 
the formation of a hole in the part With said punch, said 
punch comprising a piercing end portion adapted to pierce 
an opening in the part, a roll-forming portion having an 
acutely angled convex surface extending only partially about 
said punch and adapted to enter said opening folloWing said 
piercing end portion, said piercing end portion having a 
convex surface that extends to said acutely angled convex 
surface of said roll-forming portion, a hole-?nishing portion 
having a circular cylindrical surface adapted to fully enter 
said opening folloWing said roll-forming portion to complete 
the ?nishing of a hole required in the part, said piercing end 
portion and said roll-forming portion having a circular 
cylindrical surface that together form a continuation of said 
circular cylindrical surface of said hole-?nishing portion, 
and said roll-forming portion adapted on entering said 
opening to form a rolled edge portion in said part extending 
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only partially about said punch and the hole being formed 
Whereby said rolled edge portion forces sealing contact 
betWeen the part and said punch suf?cient to maintain the 
hydroforming pressure in the part and thereby prevent 
collapse of the part as said roll-forming portion enters said 
opening and then When said hole-?nishing portion enters 
said opening to complete the formation of the hole. 

7. A punch for forming a circular hole in a hydroformed 
part in a hydroforming process Wherein a hydroforming 
pressure used to form the part is maintained in the part for 
the formation of a hole in the part With said punch, said 
punch comprising a piercing end portion adapted to pierce 
an opening in the part, a roll-forming portion having a 
convex surface extending only partially about said punch 
and adapted to enter said opening folloWing said piercing 
end portion, said piercing end portion having a convex 
surface that extends to said convex surface of said roll 
forming portion, a hole-?nishing portion having a circular 
cylindrical surface adapted to fully enter said opening fol 
loWing said roll-forming portion to complete the ?nishing of 
a hole required in the part, said piercing end portion and said 
roll-forming portion having a circular cylindrical surface 
that together form a continuation of said circular cylindrical 
surface of said hole-?nishing portion, and said roll-forming 
portion adapted on entering said opening to form a rolled 
edge portion in said part extending only partially about said 
punch and the hole being formed Whereby said rolled edge 
portion forces sealing contact betWeen the part and said 
punch sufficient to maintain the hydroforming pressure in 
the part and thereby prevent collapse of the part as said 
roll-forming portion enters said opening and then When said 
hole-?nishing portion enters said opening to complete the 
formation of the hole. 


